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The use of shungite as a filler either as a substitute for carbon black or as an additional filler to carbon black has been described in the literature, where its structural features have been examined [1] . Earlier, the use of shungite as an activator in rubber compounds based on nitrile butadiene rubbers [2] and in unfilled vulcanisates of ethylene-propylene-diene rubbers (EPDRs) [3] was shown. In the present work, an assessment is made of the activating effect of shungite during the sulphur vulcanisation of filled rubber mixes with an effective vulcanising group based on amorphous EPDRs of different composition ( Table 1 ). The formulations of the rubber mixes are presented in Table 2 . Also, an examination is made of the influence of the initial parameters of the materials under investigation, such as the content of ethylene units and ethylidene norbornene (ENB), on the final properties of the vulcanisates.
The magnitudes of the inverse degree of swelling (1/ Q av ) of filled vulcanisates do not provide a clear indication of the network density on account of the presence of carbon black. Magnitudes of 1/Q av that can be related to the true network density, which is not affected by the filler, were determined earlier for vulcanisates of unfilled EPDRs [3] . In the case of vulcanisates with shungite, by comparison with vulcanisates with zinc oxide, reduction in the values of 1/Q av was attributed to the presence, along with a network of chemical bonds, of a network of physical bonds. Here, the latter is broken down by solvent. In filled rubber compounds of EPDR, the carbon black structure makes its own contribution, and the magnitude of 1/Q av is higher than in unfilled vulcanisates. With increase in the ENB content to 2.7%, the type of activator has hardly any effect on the inverse degree of Table 3 , Royalene 580HT), because, both with zinc oxide and with shungite, a fairly dense network of chemical bonds is formed.
The tensile properties of vulcanisates are given in Table 3 , and the deformation dependences for vulcanisates based on Buna T 6250 are shown in Figure 1 . With increase in the content of the ethylene part from 50 to 70% (see Table 1 ), the tensile strength of the vulcanisates increases. This is due to the fact that, in copolymers in the extended state, with an ethylene content of 60-80%, orientation of the crystalline phase occurs [4] . In vulcanisates with shungite, this effect appears through the network of physical bonds. For this reason there is an increase both in the elongation at break and in the tensile strength (see Figure 1) . Increase in the ENB content with a simultaneous reduction in the ethylene content leads to the formation of a denser network of chemical crosslinks, and therefore, in vulcanisates based on Royalene 580HT, there is a reduction in the elongation at break, although the tensile strength changes little (see Table 3 ).
Features of the vulcanisation kinetics and the dynamic properties were investigated on an RPA apparatus. The time at which vulcanisation flattens out is not dependent on the type of activator, but in vulcanisates with zinc oxide a higher torque is noted than in vulcanisates with shungite. The magnitude of the modulus decreases with reduction in the ethylene units in the initial copolymers. Thus, in vulcanisates based on Royalene 580HT, the modulus is lower by comparison with other EPDRs. In this way, the fairly high unsaturation (2.7%), in contrast to the percentage content of ethylene units and viscosity, has no significant influence on the magnitude of the modulus.
The values of the shear storage modulus (G'), the shear loss modulus (G²), and the mechanical loss tangents (tg δ) were determined under two test regimes: depending on the applied frequency at constant strain amplitude (10%) and as a function of the applied strain amplitude at constant frequency (10 Hz). Two test temperature regimes were also selected: 50 and 80°C. At a temperature of 80°C, in contrast to 50°C, breakage of physical bonds occurs, which is particularly important in vulcanisates with shungite. The values of the storage and loss moduli and consequently of the mechanical loss tangents are influenced by the percentage content of ethylene units in the initial EPDRs. Thus, in vulcanisates based on Buna EPG 6170 ( Figure 2 ) and Buna T 6250 (Figure 3 ), these indices are higher than in vulcanisates based on Royalene 580HT (Figure 4) , irrespective of the temperature regime and the nature of the tests. Here, the nature of change in this magnitude is not affected by the type of activator, and the curves are superimposed upon each other (see Figures 2 and 4) . In vulcanisates with shungite, with a less dense network of crosslinks, a network of physical bonds is present, which bears the load. In vulcanisates based on Buna T 6250 with shungite, the storage modulus is lower on account of the lower content of ethylene by comparison with Buna EPG 6170 and the reduced content of ENB by comparison with Royalene 580HT. The magnitudes of the storage modulus grow with increase in frequency on account of the impossibility of segmental mobility being realised, and here a stronger increase is observed in the region of low frequencies up to 10 Hz (Figures 2-4) . With increase in temperature to 80°C, the breakage of physical bonds occurs, which is manifested by a reduction in the values of the storage moduli both at constant frequency and at constant strain. In vulcanisates with shungite based on Buna Royalene 580HT, the value of the modulus is lower than at 50°C, but in this case there is no divergence between shungite and zinc oxide. At 50°C, for vulcanisates based on Buna EPG 6170 ( Figure 2 ) and Royalene 580HT (Figure 4) , the dependences of the mechanical loss tangents on frequency coincide, while, for vulcanisates based on Buna T6250, curve 4 is higher than curve 3 (see Figure 3) on account of the lower content of ethylene when compared with Buna EPG 6170 and the higher degree of unsaturation than for Royalene 580HT. These data are consistent with the parameters 1/Q av ( Table 3) . At 80°C, on account of breakage of physical bonds, the mechanical loss tangent grows by comparison with a low-temperature regime. The mechanical loss tangent, like the loss modulus, decreases sharply with increase in frequency to 20-30 Hz, and then its magnitude flattens out.
The values of the storage modulus at constant frequency and variable strain likewise decrease with reduction in the ethylene component (see Table 4 ). With an increase in the amplitude of strain from 0 to 20%, its magnitude falls dramatically. On the whole, the given index does not depend on the type of activator, and the curves are superimposed upon each other. At 80°C, the network of physical bonds breaks down, which lowers the numerical values, although the nature of the curves remains unchanged, but there is already a small divergence towards lower magnitudes for vulcanisates with shungite. The loss modulus likewise depends on the chemical bond network density and is more sensitive to the type of activator used. Irrespective of the type of testing, the loss modulus flattens out at high frequencies and strains, while in the region of low values it is higher in vulcanisates with shungite. This can be attributed to features of the physical bond network, the crosslinked points of which at low temperatures are rearranged under load, and at elevated temperatures they partially break down. However, on the whole, no great difference in properties according to the type of activator is observed, especially at extreme values of frequency and strain (see Table 4 ). The mechanical loss tangent provides clearer information on the dynamic properties of the vulcanisates. The extreme values of tg δ at constant frequency and an amplitude of strain of 60% are given in Table 4 . It should be pointed out the magnitudes of tg δ, irrespective of the composition of the vulcanisates, increase in the 0-20% strain region, and then decrease little and flatten out. With increase in strain above 20%, the changes in the mechanical loss tangent within each composition of the vulcanising group vary little. However, by comparison with similar compositions for zinc oxide, vulcanisates containing shungite as activator have slightly greater losses, especially in regions of low strains, owing to a less dense chemical bond network. At elevated temperature, the Payne effect in the vulcanisates is appreciable, appearing in regions of low strains: with shungite at a strain of 10%, and with zinc oxide at a strain of 20%. The dependences for the mechanical loss tangent can be related to the network density of each specimen without taking into account the density of the network of physical bonds, which break under the given test conditions. Thus, with the given vulcanising group, in static tests of vulcanisates based on Buna EPG 6170, Buna T 6250, and Royalene 580HT with shungite, the strength properties approach those of vulcanisates with zinc oxide or are superior to them with respect to the values of the moduli and elongation at break. It can be stated that shungite is a fairly effective activator of the sulphur vulcanisation of EPDRs, as noted earlier for styrene butadiene and nitrile butadiene rubbers [5, 6] . The percentage content of ethylene and ethylidenenorbornene and the viscosity have a strong influence in vulcanisates of EPDRs.
Vulcanisates based on Buna EPG 6170 with an ethylene content of 72 wt% possess slightly higher strength properties in tensile tests by comparison with vulcanisates based on Buna T 6250 and Royalene 580HT, in which the ethylene content is lower: 61 and 53% respectively. In filled vulcanisates of EPDRs, the role of diene in crosslink network formation is less marked than in unfilled vulcanisates [3] , where the network density is higher with zinc oxide than with shungite, because in the latter case, along with the network of chemical bonds, a network of physical bonds is formed.
